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Abstract  
The way human interacts with electronic games has changed in a dramatic manner in the 
past decade. Many individuals utilize mouse, keyboards, joysticks and even motion sensors 
in order to provide input commands to various computer gaming applications. Nonetheless, 
above mentioned modes of interaction has its confines when it comes to individuals with 
physical limitations such as handicapped and paralyzed. Thus, addressing this problem 
Neurogaming has become a hot topic in the past few years where brain wave signals 
namely electroencephalogram signals are used to control different aspects of an electronic 
gaming application, this approach eliminates the traditional hand coordinated interacting 
mechanisms allowing even a handicap to interact with a gaming interface with ease.  
 
The main objective of the research has been to implement a system which enables usage 
of an available electroencephalogram device for instance NeuroSky mind wave mobile, in 
order to aid the individuals with physical limitations and also to provide near real time 
attention input, incorporating  all parts of a functioning brain computer interface system. 
These parts are 1) acquiring the electroencephalogram signal 2) process and classify the 
electroencephalogram signal to extract the attention level and 3) use the attention to control 
a feature in a multi agent game.  
 
This thesis report outlines the step-by-step design of the attention racer system which 
incorporate module level design and interactions among various components of the system.  
Furthermore, the implementation details of the attention racer system covers the core code 
segments and the flow of the system. The implemented system was evaluated using 15 
participants. Initially they had to undergo through an attention span test and individual who 
scored more than 75% was selected for the second phase of the evaluation which was 
training data acquisition and attention racer valuation. After the attention span test 10 
individuals were selected for final evaluation where they were evaluated for attention in 
different environments. The evaluation results asserted that system worked with 70% 
accuracy in detecting human attention level and using it to control the speed of the car.  
vi 
 
     Contents      
           Pages 
Chapter 1 Introduction..................................................................................................... 1 
1.1. Prolegomena .................................................................................................................... 1 
1.2. Background and Motivation ............................................................................................ 2 
1.3. Problem in Brief ............................................................................................................... 2 
1.4. Aim and Objectives .......................................................................................................... 3 
1.5. Proposed Solution ............................................................................................................ 4 
1.5.  Report outline................................................................................................................... 5 
1.6.  Summary .......................................................................................................................... 6 
Chapter 2 Development in BCI for Gaming................................................................... 7 
2.1. Introduction ........................................................................................................................... 7 
2.2.  EEG for gaming from fist game to State of the Art ......................................................... 7 
2.2.1.  Neurogaming .......................................................................................................... 12 
2.2.2.  Related work disscussion ....................................................................................... 13 
2.3.  Summary ........................................................................................................................ 13 
Chapter 3 Neurogaming Technology ............................................................................ 14 
3.1. Introduction ......................................................................................................................... 14 
3.2. Brain Signal Acquisition ..................................................................................................... 14 
3.2.1.  EEG signal acquisition mechanisms ...................................................................... 15 
3.2.2.  Background on Electroencephalography. .............................................................. 17 
3.2.3.  Electrode placement for Signal Acquisition .......................................................... 18 
3.2.4.  EEG signal wave formats and classifications. ....................................................... 20 
3.2.5.  Rationalization behind using EEG over EOG and EMG ....................................... 21 
3.3.  Signal Transformation ................................................................................................... 22 
3.3.1.  Fast Fourier Transform Method ............................................................................. 22 
3.4.  Signal Classification ...................................................................................................... 23 
3.4.1.  Artificial Neural Network. ..................................................................................... 23 
3.4.2.  Rationalization using ANN over support vector machine ..................................... 27 
3.4.3.  Artificial Neural Network Configuration ............................................................... 27 
3.5.  Gaming Module ............................................................................................................. 27 
3.5.1.  Agent Technology .................................................................................................. 28 
vii 
 
3.5.2.  .NET, Open GL, Shadow Engine ........................................................................... 28 
3.6. Summary ............................................................................................................................. 28 
Chapter 4 Approach for BCI Framework via MAS and ANN ................................... 29 
4.1. Introduction ......................................................................................................................... 29 
4.2. Hypothesis ..................................................................................................................... 29 
4.3. Inputs to the system ....................................................................................................... 29 
4.4. Output of the system ...................................................................................................... 31 
4.5. Process ........................................................................................................................... 32 
4.6. Features .......................................................................................................................... 33 
4.7. Uses of the system ......................................................................................................... 33 
4.8. Summary ........................................................................................................................ 33 
Chapter 5 BCI Framework and Attention Racer Design............................................ 34 
5.1.  Introduction .................................................................................................................... 34 
5.2.  Attention Racer Framework Modules ............................................................................ 35 
5.2.1.  EEG Raw signal acquisition module ..................................................................... 35 
5.2.2.  FFT analysis and Wave Filtering ........................................................................... 36 
5.2.3.  Attention Classification Training and Attention Level Detection Module ............ 38 
5.2.4.  The Attention Racer Module.................................................................................. 39 
5.3.  Shell Design for Attention Racer ................................................................................... 40 
5.4.  Summary ........................................................................................................................ 41 
Chapter 6 Implementation of BCI Framework for Gaming ...................................... 42 
6.1. Introduction ......................................................................................................................... 42 
6.2.  EEG raw data acquisition and FFT analysis modules .................................................... 42 
6.3.  Wave Classification and Training modules ................................................................... 45 
6.3.1.  Artificial Neural Network Training for attention Racer......................................... 45 
6.3.1.  Artificial Neural Network for Attention level detection ........................................ 49 
6.4.  Attention Racing Game Application Module ................................................................ 50 
6.5.  Summary ........................................................................................................................ 51 
Chapter 7 Evaluation ...................................................................................................... 52 
7.1.  Introduction .................................................................................................................... 52 
7.2.  Experimental Design ...................................................................................................... 52 
7.2.1.  Initial Setup and Choice of individuals .................................................................. 52 
7.2.2  EEG data acquisition and Artificial Neural Network training ............................... 54 
viii 
 
7.2.3  Evaluating the Neural Network .............................................................................. 55 
7.2.4  Evaluation setup for Attention Racer ..................................................................... 56 
7.3.  Experimental results ....................................................................................................... 56 
7.4.  Evaluation Result discussion and conclusion ................................................................ 57 
7.5.  Summary ........................................................................................................................ 57 
Chapter 8 Conclusion and Future Work ...................................................................... 58 
8.1.  Introduction .................................................................................................................... 58 
8.2.  Conclusions .................................................................................................................... 58 
8.3.  Limitations and Future Work ......................................................................................... 60 
8.4.  Summary ........................................................................................................................ 60 
References ........................................................................................................................ 61 
Appendices ....................................................................................................................... 67 
Apendix A : NeuroSky Mindwave Mobile Protocols ............................................... 67 
Apendix B : Attention Racer System ......................................................................... 70 
Apendix C : Attention Span Test and Brain Game ................................................. 73 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ix 
 
List of Figures 
           Pages 
Figure 1.1: Input process output of the system.           4 
Figure 2.1: Mind balance game.             9 
Figure 2.2: Android Racing Game using BCI.           11 
Figure 3.1: EEG signal acquisition methods.          15 
Figure 3.2: NeuroSky mindwave mobile with single dry electrode.                   16 
Figure 3.3: EEG Recording system.           17 
Figure 3.4: Brain 10/20 system.                      18 
Figure 3.5: International 10/20 system.                     19 
Figure 3.6: Tapping to Fp1 for Attention acquisition.        20 
Figure 3.7: Natural Neuron.             23 
Figure 3.8: Multi-layer Perceptron.                                                                                26 
Figure 4.1: Mind-wave mobile head set from NeuroSky.        30 
Figure 4.2: Laptop paired with headset and Mindset library.                                         31 
Figure 4.3: The big picture of the system.                     32 
Figure 5.1: Frame work components.                                                                             34 
Figure 5.2: Component Interaction Design of attention.                                         35  
Figure 5.3: EEG Raw signal acquisition module.         36 
Figure 5.4: FFT analysis and Wave Filtering.         37 
Figure 5.5: Artificial Neural Network and Training Module.        38 
Figure 5.6: Attention Racer Game modules.           39 
Figure 5.7: Shell Design for attention Racer.          40 
Figure 6.1: Connection Status and Signal Strength Indication.        43 
Figure 6.2: Raw Signal to FFT analysis Indicators.          42 
Figure 6.3: Training Data Capture Module.           46 
Figure 6.4: Captured EEG Data File.           46 
Figure 6.5: ANN Training Console.           48 
Figure 6.6: Attention Level Meter (0-100).          49 
Figure 6.7: Autonomous agents and Speed variation along with distance.                 51 
Figure 7.1: Attention Span Test Questions.           53 
x 
 
Figure 7.2: Brain Game Application.           55 
Figure 7.3: Experimental Design.           56 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi 
 
List of Tables 
Pages 
 
Table 2.1: BCI Game classification.           12 
Table 3.1: solution segments and technology adopted.        14 
Table 3.2: Electrodes and Lobe.           19 
Table 3.3: EEG Wave Formats.           21 
Table 3.4: Learning paradigms.           24 
Table 3.5: Activation function.           25 
Table 6.1: Device Connection Statuses.                      42 
Table 6.2: Poor Signal Strength value and classification.           43 
Table 7.1: participants’ attention span score.          54 
Table 7.2. Attention level in each environment.         57 
 
 
 
 
 
 
 
 
 
